Three species of boid snakes are recognized in Madagascar, namely the genus Sanzinia (one species and two subspecies) and the genus Acrantophis (two species). In the present study, we studied the patterns of genetic variation of these species across Madagascar using a fragment of the mitochondrial 16S rRNA gene in 77 specimens. To support the phylogenetic relationships of the lineages identified, three further gene fragments (cytochrome b, 12S rRNA and c-mos) were analyzed in a reduced but representative set of samples. The results obtained corroborate that the genus Sanzinia includes two highly divergent mitochondrial lineages that evolved independently from each other on the east versus the west side of Madagascar. Each of these lineages presents a further subdivision that separates northern from southern groups. The nuclear marker showed no variation among the Malagasy boas, indicating either very low substitution rates in this gene or relatively recent speciation events coupled with high mitochondrial substitution rates. Because the broad geographic sampling detected no admixture among haplotypic lineages within Sanzinia, it is hypothesized that these may represent distinct species. Deviant haplotypes of snakes morphologically similar to Acrantophis dumerili indicate that this taxon may be a complex of two species as well.
INTRODUCTION
Madagascar is one of the world's biodiversity hotspots (Myers et al., 2000; Brown & Gurevitch, 2004; Mittermeier et al., 2004) . The island's high degree of endemicity at deeper phylogenetic levels (Myers et al., 2000; Mittermeier et al., 2004) has been explained by Madagascar's long geographical isolation from Africa and India (approximately 160 Mya and 90 Mya, respectively) (Briggs, 2003) . It also has been hypothesized that the island's great biodiversity could have arisen by speciation in watersheds that remained isolated during climatic shifts (Wilmé, Goodman & Ganzhorn, 2006) and the presence of riverine barriers (Yoder et al., 2005) . Another factor influencing Madagascar's species distributions is the presence of a mountainous range running from the north to the south of the island, which could have led to vicariant effects (Yoder & Heckman, 2006) and is a determining factor for the distribution of the island's humid rain forests (Wells, 2003) . These geographic occurrences have determined species distribution patterns in: (1) an east-west biogeographic constraint (Nussbaum & Raxworthy, 1994; Pastorini, Forstner & Martin, 2001; Andreone et al., 2002) and (2) a north-south pattern of differentiation (Nussbaum & Raxworthy, 1994; Raxworthy & Nussbaum, 1995; Pastorini, Forstner & Martin, 2000; Yoder et al., 2000; Pastorini et al., 2001; Pastorini, Thalmann & Martin, 2003; Vences & Glaw, 2003; Boumans et al., 2007) .
One of the most enigmatic groups of vertebrates in Madagascar is that of the giant snakes. Three species of Malagasy boids are known (Duméril & Bibron, 1844) : Sanzinia madagascariensis, Acrantophis dumerili, and Acrantophis madagascariensis. Like other large reptiles, they are highly attractive for the pet trade (Foekema, 1975; Branch & Erasmus, 1976; Anonymous, 1991; Wengler, 1996) causing these snakes to be listed in the Vulnerable category of International Union for Conservation of Nature's Red List (IUCN, 2006) although they are not particularly rare in the wild (Glaw & Vences, 1994; Raxworthy & Nussbaum, 2000) . To avoid uncontrolled collecting of these snakes in the wild, they are further listed on Appendix I of the Convention on the International Trade in Endangered Species (http://www.cites.org/ eng/resources/species.html).
The Malagasy giant snakes are classified within the family Boidae (Underwood, 1976; Kluge, 1991; Vences et al., 2001) , but their phylogenetic relationships to the other members of the family have been strongly debated. Although morphological data were unanimous in defining the Malagasy boids as a monophyletic group related to the Neotropical Boa constrictor (Kluge, 1991) , cytochrome (cyt) b DNA sequences indicated that Sanzinia and Acrantophis were no close relatives of Boa (Campbell, 1997; Austin, 2000) . Inclusion of partial sequences of the 12S and 16S genes obtained further support a basal position of the Malagasy taxa among the Boidae (Vences et al., 2001) . Burbrink (2005) , without referring to these previous data sources, reanalyzed the cyt b data set of Campbell (1997) and also failed to obtain a convincing hypothesis on the phylogenetic position of Sanzinia and Acrantophis with respect to other boids. Recently, Noonan & Chippindale (2006a, b) analyzed DNA sequences from multiple nuclear genes and, surprisingly, found that Sanzinia and Acrantophis were not directly related to other boas from the Neotropics and the Pacific area but, instead, they formed a clade together with the African mainland genus Calabaria. The phylogeny and origin via dispersal over an Antarctic land bridge of Malagasy boas has been hypothesized (Noonan & Chippindale, 2006a, b) , but population-level data are still lacking, except for some preliminary information provided by Vences & Glaw (2003) .
In the present study, we analyzed the molecular differentiation of Sanzinia and Acrantophis based on a broad geographic sampling, and test whether the phylogeographic distribution of Sanzinia follows rather an east-west and/or a north-south divergence pattern.
MATERIAL AND METHODS

TAXON SAMPLING
Blood or tissue samples of Sanzinia (N = 44) and Acrantophis (N = 14) were obtained during independent expeditions between 2000 and 2006 in Madagascar. These were combined with samples included in the preliminary study by Vences & Glaw (2003) (Genbank accession numbers: AF215272, AF215276, and AY336060-AY336074), yielding a total of 54 samples of S. madagascariensis, five samples of A. dumerili, two samples of unclear taxonomic status and named A. sp. cf. dumerili, and 14 samples of A. madagascariensis. Sampling localities (Fig. 1 , Table 1 ) covered almost the whole distribution range of both genera (Glaw & Vences, 2007) . For the phylogenetic analyses, samples of Candoia sp., Eunectes sp., Boa constrictor, and Calabaria reinhardtii were used as outgroup (Table 2) .
LABORATORY PROTOCOLS
Total genomic DNA was extracted from blood and tail tissues according to a standard phenol-chloroform protocol (Sambrook, Fritsch & Maniatis, 1989) . For the phylogeographic analyses, a fragment of the mitochondrial 16S rRNA gene (491 bp) was amplified in the 58 new samples and combined with the available 16S rRNA fragments of Sanzinia and Acrantophis from Vences & Glaw (2003) (Genbank accession numbers  of newly determined 16s sequences: EU419777-EU419787, EU419790, EU419791, EU419793,  EU419798,  EU419801-EU419807,  EU419810,  EU419811,  EU419813-EU419822,  EU419824-EU419826, EU419828-EU419832, EU419834-EU419847 and EU419849). The primers used to amplify the 16S fragment were 16Sar-L/16Srb-H (Palumbi et al., 1991) . This genetic marker was chosen because it was the locus for which sequences were available for several key samples of western localities from which tissue to isolate DNA was not longer available and because, in a previous study using a reduced sample size (Vences & Glaw, 2003) , the 16S rRNA presented sufficient variability allowing to differentiate between two possible groups of Sanzinia.
For the phylogenetic analyses, fragments of the nuclear gene c-mos, and of the mitochondrial cyt b PHYLOGEOGRAPHY OF MALAGASY BOAS 641 and 12S rRNA genes were also amplified from the Malagasy taxa and jointly used with the 16S dataset (2594 bp total aligned length). The primers S77/S78 (Lawson et al., 2005) , L14910/H16064 (de Queiroz, Lawson & Lemos-Espinal, 2002) , and L25195/H2916 (Vences et al., 2000) were used to amplify the c-mos, cyt b, and 12S fragments respectively.
Cycle sequencing reactions were performed using ABI PRISM BigDye Terminator, version 1.1, Cycle Sequencing Kits following manufacturers' recommendations, and analyzed on an ABI PRISM 3100 DNA Sequencer (Applied Biosystems) at the Center for Conservation and Research, Henry Doorly Zoo (Omaha, NE, USA) and at the University of Amsterdam. All 16S and 12S sequences were aligned with CLUSTALX (Thompson et al., 1997) and confirmed visually, whereas the sequences of the other fragments were aligned manually.
PHYLOGENETIC ANALYSES
We assessed the phylogenetic relationships between Malagasy boas based on two different datasets due to the availability of sample material. The first dataset was composed of the 16S rRNA DNA fragment sequences amplified for all individuals included in this research, and the second dataset was composed of fewer individuals due to the scarcity of sample material, but extended regarding the number of loci considered (i.e. 16S rRNA, 12S rRNA, cyt-b, and For each species (column 1), its corresponding haplotypes are presented (column 2). Haplotypes are subdivided in the localities where they were found (column 3), and locality coordinates are presented in column 4. Sample size per haplotype and locality are given in column 5. Sample's regional provenance is following Boumans et al. (2007) (column 6). *Samples without geographical coordinates.
c-mos).
The 16S rRNA dataset was analyzed with four different methodologies to avoid any bias arising from the tree building methods. Candoia carinata was used as outgroup. Bayesian inference, maximum likelihood (ML), Neighbor-joining clustering (NJ), and parsimony (MP) were applied on a haplotype matrix to ease calculations. Modeltest, version 3.7 (Posada & Crandall, 1998) and MrModeltest, version 2.2 (Nylander, 2004) were used to determine the appropriate nucleotide substitution model for the likelihood and the Bayesian analyses, respectively. The Bayesian analysis of phylogenetic inference was carried out using MrBayes, version 3.1.2 (Ronquist & Huelsenbeck, 2003) running three cold and one hot Markov chains for ten million generations and with sample retention every 100 th generation. The analysis was repeated ten times without specifying priors. The initial 25% of the trees were discarded as 'burn in' following visual examination of the stabilization of likelihood values. ML analysis was performed with the web based service of PHYML (Guindon et al., 2005;  http://atgc.lirmm.fr/phyml). NJ and MP analyses were performed using PAUP* 4b10 (Swofford, 2002) . Support for the branching of the trees was assessed with nonparametric bootstrapping (npb; Felsenstein, 1985) . The number of bootstrap replicates was 500 for ML and 2000 for NJ and MP. For the second dataset, although fewer samples were available for all loci, representatives of all Malagasy taxa were included, as well as four other boids, C. carinata, Eunectes sp., B. constrictor and C. reinhardtii. These taxa were chosen based on the results of Noonan & Chippindale (2006a) . This dataset was analyzed with parsimony, and support for the branching of the tree was assessed with 2000 npb using PAUP* 4b10 (Swofford, 2002) .
PHYLOGEOGRAPHIC ANALYSES
The number of parsimony-informative sites of the 16S rRNA dataset was calculated based on the number of segregating sites in DNAsp 4.10.9 (Rozas et al., 2003) . A Bayesian analysis of structure with BAPS, version 4.14 (Corander & Martinen, 2006) was performed independently for the Sanzinia and the Acrantophis samples. This analysis determines the most probable number of clusters present in a sample set and which samples correspond to each cluster found, independently of ad hoc hypothesis regarding the sample structure. Each analysis was performed three times for several values of number of possible clusters present in the sample to ensure reliability of the results. A median joining network with the NETWORK, version 4.2.0.0 (Bandelt, Forster & Rohl, 1999) using the 16S sequences was constructed to assess patterns of divergence between the observed haplotypes. In addition, an analysis of molecular variance (AMOVA) was performed with the ARLEQUIN, version 3.1 (Excoffier, Laval & Schneider, 2005) to characterize levels of differentiation between the clusters of boas defined by BAPS. This software was also used to calculate Nei's average number of pairwise differences between the referred clusters (Nei & Li, 1979) . The presence of isolation by distance was analyzed with Mantel tests between the matrix of pairwise genetic distances between samples and pairwise geographic distances between sampling localities, and performing 10 000 permutations to assess significance. A final analysis regarding the estimation of the geographical position of possible barriers for gene flow between pairs of samples was performed with Monmonier's maximum difference algorithm (Monmonier, 1973) . Briefly, a Delauny network (Watson, 1992) is built between pairs of sampled localities and related to a matrix of pairwise mismatch genetic distances between sequences. The connections between pairs of geographical localities in the network are termed edges. In a first step, the method searches for the largest pairwise genetic distance between all pairs of samples and then locates on the network the edge connecting the two most differentiated samples. The edge connecting those two samples is the first fragment of a possible barrier. In the following step, the algorithm searches among the edges connecting to the first fragment of the barrier for the one with the next largest genetic difference and marks it as the second edge of the possible barrier. The algorithm moves in this way interconnecting edges until it reaches an edge linking two localities on the periphery of the network or an internal edge already defined as part of the possible barrier (Miller, 2005) . The network was overlapped manually on a map of Madagascar to determine the geographical location of the estimated barrier. The last two analyses were carried out in AIS (Miller, 2005) .
RESULTS
In the 16S dataset, a total of 18 haplotypes were observed (Table 1) . Nine haplotypes corresponded to Sanzinia, four to A. madagascariensis, three to A. dumerili, and two to the A. sp. cf. dumerili samples. We determined with a likelihood ratio test implemented in TREE-PUZZLE (Schmidt et al., 2002) that a non-clock like pattern of evolution fits significantly better for the 16S rRNA gene data set than a clock-like pattern of evolution. Thus, the presence of a similar amount of haplotypes in each genus despite of the different sample sizes could be the outcome of a higher substitution rate for this locus in Acrantophis. The 16S Sanzinia and Acrantophis dataset included a total of 36 segregating sites, five of them singletons and 31 parsimony-informative sites. Among the 371 bp amplified from the 12S locus, ten positions were singletons and 29 parsimonyinformative sites. Almost with twice as many variable sites, the cyt b presented 100 positions corresponding to singletons and 111 to parsimony-informative sites among the 1117 bp amplified. In contrast to the mitochondrial loci, the nuclear gene c-mos presented no polymorphism in the 570 bp amplified from samples of Sanzinia and Acrantophis.
PHYLOGENETIC ANALYSIS
In the 16S haplotype dataset of Sanzinia and Acrantophis, five phylogenetically relevant clades were identified with the methodologies implemented. The most important observations are a split of the Sanzinia specimens into an eastern and a western clade, and the differentiation of three clades of Acrantophis (Fig. 2) . Within each Sanzinia clade, a further split could be detected. For the western Sanzinia clade, the split presented high support values, whereas, for the eastern clade, the split was only found with the ML analysis and a npb support value of 29.8. The node relating the Acrantophis of uncertain taxonomic status and A. madagascariensis was not found by the NJ and the MP analyses, probably due to a lack of sufficient phylogenetic signal in the 16S dataset. This is sustained by the little support that the other three methodologies give to the branch leading to A. madagascariensis and the samples of uncertain taxonomic status (Fig. 2) . The division between the two Sanzinia clades and between the Acrantophis samples was also recovered with high support values using additional markers (Fig. 3) . Although the A. madagascariensis sample and the Sanzinia from Ranomafana could not be sequenced for the cyt b, the partitions and support values for the clades were not affected by the shorter dataset (total aligned length excluding cyt b: 1477 bp). Although the main clades identified in the analysis based on 16S rRNA also showed strong divergences in the other two mitochondrial genes (12S rRNA, cyt b), the nuclear gene c-mos showed no variability in both genera of Malagasy boas.
PHYLOGEOGRAPHIC ANALYSIS
The 16S dataset split the Sanzinia samples in four clusters according to the Bayesian analysis of structure with a posterior probability of 1. Using the biogeographic scheme of Madagascar by Boumans et al. (2007) , these clusters occur in the South-East and South-Central-East regions (cluster 1), in the North-East and North-Central-East regions (cluster 2), in the North and Sambirano regions (cluster 3), and in the North-West, Central and South regions (cluster 4). Only two individuals from the Southern Central East, sampled in Vatovavy and Manombo, had haplotypes Smm1 and Smm2, respectively, and thus did not follow this pattern of haplotype distribution. The Acrantophis samples were split in three clusters with a posterior probability of 0.923, representing (1) the A. madagascariensis samples, (2) the A. dumerili samples, and (3) the three A. sp. cf. dumerili samples all from southern Madagascar.
AMOVA between the four clusters of Sanzinia showed that most of the genetic variation lies between these clusters (93.11%), whereas only 6.89% of the genetic variation occurred within clusters. A similar pattern was observed between the three clusters of Acrantophis where 85.54% of the genetic PHYLOGEOGRAPHY OF MALAGASY BOAS 645 Table 1 . Biogeographical regions are named sensu Boumans et al. (2007) . Symbols correspond to the sampling localites shown in Fig. 1 . variation was found between clusters and only 14.46% of the genetic variation is found within clusters. We also nested the four Sanzinia groups within a single category and the three Acrantophis groups into another category and analyzed both categories simultaneously with the AMOVA. Interestingly, we found that approximately the same amount of variation was explained by the between categories component of variation (i.e. between genera) as by the within category component of variation (i.e. within genus), namely 50.95% and 44.91%, respectively (the remaining 4.14% of the genetic variation occurred within clusters). The last comparison shows that, on average, the amount of variation between the clusters of Sanzinia and between the clusters of Acrantophis is almost as much as the variation between any Acrantophis and Sanzinia clusters.
The observed differentiation between clusters of boas in the previous analyses was defined in terms of the number of average pairwise differences between clusters and median joining networks. The number of differences between the Sanzinia clusters in the East or in the West is much smaller than the differences between any of the eastern and western clusters (Table 3 ). This pattern of dissimilarity is reflected in the Sanzinia median joining network, where the eastern and western clades are joined by 12 substitutional steps, whereas one to five substitutions are sufficient to relate haplotypes within the east or the west of Madagascar (Fig. 4A) . The Acrantophis of uncertain taxonomic status show a similar average pairwise number of differences with respect to any of the other two Acrantophis (Table 4) . This also becomes evident in the median joining network, where the A. sp. cf. dumerili are separated by at least four substitutions from any of the other taxa, and are placed in the middle of the branch connecting the other two species of Acrantophis (Fig. 4B) . As observed in the AMOVA, the Acrantophis network shows that the number of substitutional differences between haplotypes within the clusters defined by BAPS is much smaller than between clusters.
Overall and within the eastern and the western clusters of Sanzinia, some level of isolation by distance was found. The geographic distance to genetic distance correlation with the Mantel tests for all Sanzinia samples was r = 0.489 (P < 0.001), within the eastern Sanzinia r = 0.508 (P < 0.001) and within the western Sanzinia r = 0.504 (P < 0.005). Due to the presence of correlation between genetic and geographic distances, the Monmonier maximum difference analysis was performed on the residual genetic distances instead of on the raw genetic distance (Manni, Guerard & Heyer, 2004) . This was conducted because, in the presence of isolation by distance, the raw pairwise genetic distance will tend to place the edge of maximum difference in the midpoint between the most divergent samples, which, under isolation by distance, are the two most distant samples on the geographical landscape. The Monmonier maximum difference analysis showed the presence of two barriers that fit to the Malagasy landscape. The first barrier runs from the north to the south of Madagascar and, when manually overlapped on a map of Madagascar, it corresponds to the central highland range that splits the island into the eastern rain forest and the dry western region. The second barrier, if extrapolated on the Malagasy landscape, corresponds to the Maevarano river that separates the Sambirano region from the rest of western Madagascar. Below the diagonal, Nei's average population pairwise differences and, above the diagonal, the same results presented as a percentage, estimated from the 16S dataset. Ad, Acrantophis dumerili; Am, Acrantophis madagascariensis; Acfd, Acrantophis sp. cf. dumerili.
DISCUSSION PHYLOGEOGRAPHY OF SANZINIA
Our analyses provide robust support to the partitioning of S. madagascariensis into an eastern and a western lineage, corresponding to the two subspecies Sanzinia madagascariensis madagascariensis and Sanzinia madagascariensis volontany, sensu Vences & Glaw (2003) , based on mitochondrial data. The eastern haplotypes follow strictly the eastern band of Haplotype names are those in Table 1 . Symbols next to the haplotype names, or next to species names, correspond to the coding given to the clustering solution found by BAPS, and are the same symbols used in Fig. 1 .
rainforest, and show a differentiation between two clusters, a widespread south-eastern and southcentral-eastern haplotype (Smm 6), and five other eastern haplotypes (Smm 1 to Smm 5) found mostly north of Mangoro river. A similar subdivision into two geographically well defined clusters is found among the western haplotypes, where a single haplotype (Smv 3) is restricted to a northern most location, whereas the remaining two western haplotypes (Smv 1 and Smv 2) are widespread in the remaining area of western of Madagascar. Although our sampling is much denser than in the preliminary analysis of Vences & Glaw (2003) , we did not identify any contact zone of the two main mitochondrial lineages (i.e., S. m. madagascariensis and S. m. volontany) . A number of localities would be of particular interest in this respect and need to be surveyed in the future:
1. Montagne d'Ambre in the far north, which is known to harbour relict populations of rainforest species not present in dryer northern areas such as Ankarana or Montagne des Français [e.g. the frogs Aglyptodactylus madagascariensis (Nussbaum, Raxworthy & Cadle, 2004) and Guibemantis liber (Glaw & Vences, 2007) ]. Here, a relict Sanzinia population with haplotypes belonging to the eastern group might be found. 2. The Manongarivo/Tsaratanana complex in the Sambirano region, where specimens with western haplotypes occur but the existence of specimens with eastern haplotypes (e.g. at higher elevations) may be suspected. 3. The area between Ambalavao-Ambositra, close to eastern rainforests, where Acrantophis dumerili is known to occur east of the central mountain chain and also Sanzinia populations of the western haplotype group could occur in close proximity to those of the eastern group (Glaw & Vences, 2007) . 4. The Andohahela area in the far south, where clines between extremely dry and rainforest habitats occur over very short distances (Ramanamanjato, Mcintyre & Nussbaum, 2002) and, so far, only specimens of the eastern haplotype group are known
The two Sanzinia subspecies are highly divergent as seen in the median-joining haplotype network (Fig. 4) . The apparent lack of haplotypic introgression among these two subspecies indicates the presence of geographical, ecological, and/or taxonomic barriers to gene flow. Although the two subspecies are largely separated by the central Malagasy high plateau, a connection between western and eastern forests occurs in northern regions of the island where suitable habitat for Sanzinia connects the North-East and Sambirano regions. Nonetheless, no admixture between the two major haplotype lineages of Sanzinia has been observed in this area.
Within the geographic ranges of the two subspecies, the presence of barriers for dispersal is also evident by the patterns of isolation by distance observed with the Mantel tests. We could not determine an edge of maximum differentiation separating the two eastern clusters with the residual genetic distances but exploratory analysis using the raw genetic distances found a possible barrier that, if overlapped on the Malagasy map, approximately corresponds to the Mangoro river. This river is also known to constitute a barrier for the dispersal of other taxa (Goodman & Ganzhorn, 2004; Louis et al., 2006; Boumans et al., 2007) . The observations also fit with a scenario of southwards dispersal of Sanzinia out of refuges north of the Mangoro, with a bottleneck preceding the colonization of the South Central East and South East of Madagascar. As we found this possible barrier with the raw genetic distance, the eastern barrier may also reflect isolation by distance rather than a real genetic barrier. Consequently, there is no certainty on the existence of a barrier separating the two eastern haplotype clusters.
By contrast to what is observed in S. m. madagascariensis, an edge of maximum differentiation separating the S. m. volontany clusters was found. This edge corresponds most likely to the Maevarano river that acts as the natural margin separating the Sambirano region from the North-Western region of Madagascar (Boumans et al., 2007) . The Maevarano river has previously been shown to be a major barrier delimiting lemurs distribution ranges at the species and subspecies level (Pastorini et al., 2003; Guschanski et al., 2007) ; thus, it may likely be the barrier to dispersal of the western haplotypic clusters of S. m. volontay.
SPECIES-LEVEL TAXONOMY OF MALAGASY BOAS
The genus Sanzinia has been traditionally considered a monotypic genus represented by S. madagascariensis. Lately, two subspecies, S. m. madagascariensis and S. m. volontany, have been recognized based on a small sample set of 16s rRNA DNA sequences (Vences & Glaw, 2003) . In the present study, we have shown, employing a larger dataset covering the whole distribution rage of the genus, that the differentiation between the two subspecies is well supported. This conclusion is apparently contradicted by the absence of divergence for the c-mos gene among all Sanzinia samples. The c-mos gene has been successfully applied to phylogenetic analysis of bird orders (Cooper & Penny, 1997) and reptiles (Saint et al., 1998; Harris, Marshal & Crandall, 2001; Noonan & Chippindale, 2006a) , and to determine the branching order of the major groups of reptiles, birds, and mammals (Hedges & Poling, 1999) , but, due to its high conservation, it PHYLOGEOGRAPHY OF MALAGASY BOAS 649 has been suggested that for comparisons of less divergent taxa (e.g. closely related genera), c-mos may present a general lack of substitution differences (Lovette & Bermingham, 2000) , possibly related to its important cellular role (Sagata et al., 1988; Gebauer & Richter, 1997) . Further studies should consider longer fragments of c-mos that may harbor variation not yet observed (Godinho et al., 2006; Willis et al., 2007) or more variable alternatives to c-mos, such as the brainderived neurotrophic factor precursor, the recombination activating gene 1, neurotrophin-3, or the ornithine decarboxylase (Noonan & Chippindale, 2006b ). In any case, the lack of variability in the c-mos gene among the clades of Sanzinia cannot serve as evidence against their taxonomic distinctness because, as mentioned previously, Sanzinia and Acrantophis (which undoubtedly represent distinct biological species of partly syntopic occurrence with different morphologies, ecologies, and which do not interbreed) have identical c-mos sequences.
Hence, from a mitochondrial perspective, S. madagascariensis is composed of two well differentiated genetic lineages that show a large amount of divergence from each other. These two clades show a very limited amount of shared variability as result of their shared ancestry and historical genetic isolation. The morphological differences between the lineages alone are too faint to warrant a distinction at the species level (Vences & Glaw, 2003) . However, despite contiguous potential habitat in the northern regions of Madagascar, the data provided in the present study show that, apparently, no broad admixture of these mitochondrial lineages occurs. Future studies are required to test whether the high differentiation between the two major clades of Sanzinia persists when sampling potential contact zones among the two taxa, and when analyzing nuclear markers of sufficient resolution. If such analyses confirm the lack of broad admixture among the two taxa, in mitochondrial as well as nuclear markers, a taxonomic conclusion might be that these taxa correspond to different species according to the evolutionary species concept (Wiley, 1978) and possibly also according to the biological species concept (Mayr, 1942) .
Within Acrantophis, the haplotypes Aspd 1 and Aspd 2 in A. sp. cf. dumerili correspond to a form of southern Madagascar that morphologically resembles A. dumerili (Vences & Glaw, 2003) but genetically is more closely related to A. madagascariensis. Our data confirm that this taxon occurs in southernmost Madagascar, but also provide evidence for its occurrence at Sakaraha, much further north. Phylogenetic analysis of cyt b and 12S sequences (Fig. 3) corroborates the paraphyletic arrangement of the two main haplotype lineages of A. dumerili relative to A. madagascariensis. Further analysis of nuclear markers are needed to test whether this situation reflects the existence of three Acrantophis species (and, hence, an undescribed species of ground boa in southern Madagascar) or an ancient introgression of ancestral A. madagascariensis haplotypes into southern populations of A. dumerili.
